To determine whether the risk for nonexudative and exudative age-related macular degeneration (AMD) varies for Americans of different Asian ethnicities. METHODS. Claims data from a large national United States managed care network were reviewed to identify Asian Americans age 40 and older who had Ն1 eye care visits from 2001 to 2007. International Classification of Disease (ICD-9CM) billing codes were used to identify enrollees with nonexudative and exudative AMD. Incidence and prevalence rates were calculated for nonexudative and exudative AMD and were stratified by Asian ethnicity. Cox regression analyses were performed to determine the relative risk for developing nonexudative and exudative AMD for persons of different Asian ethnicities, with adjustment for sociodemographic factors and ocular and medical conditions. RESULTS. Of the 44,103 Asian Americans who met the inclusion criteria, 2221 (5.04%) had nonexudative AMD and 217 (0.49%) had exudative AMD. Chinese Americans (adjusted hazard ratio [HR], 1.63; 95% confidence interval [CI], 1.50 -1.77) and Pakistani Americans (HR, 1.97, 95% CI, 1.40 -2.77) had a significantly increased risk for nonexudative AMD compared with non-Hispanic white Americans. By contrast, Japanese Americans had a 29% decreased risk for nonexudative AMD compared with non-Hispanic white Americans (HR, 0.71; 95% CI, 0.59 -0.85). There were no significant differences in risk for exudative AMD for any of the Asian ethnicities compared with white Americans. CONCLUSIONS. Asian Americans are the second fastest growing racial group in the United States. Eye care providers must be aware of the overall disease burden of AMD within this group and appreciate how disease rates can vary substantially among different Asian ethnicities. (Invest Ophthalmol Vis Sci. 2011; 52:6842-6848)
A ge-related macular degeneration (AMD) is the most common cause of visual impairment among adults aged 60 and older in the United States.
1 More than seven million Americans are affected by AMD. 2 The number of Americans older than 55 years is expected to grow from 70 million in 2008 to 96 million by 2020, with many of these persons at risk for chronic eye diseases such as AMD. 3, 4 In a recent study of 2,259,061enroll-ees in a large US managed care network, 60-year-old Asian Americans were at 28% increased risk for nonexudative AMD compared with similarly aged white Americans. 5 Given that Asian Americans are the second-fastest growing US minority, with nearly two million Asian Americans older than 60 years, we sought to identify whether persons of specific Asian ethnicities are more likely than others to develop AMD. Such findings would increase clinicians' awareness of Asian American subgroups potentially at increased risk for AMD and would be helpful for health policy makers in deciding whom to target for AMD screening and interventions.
Although several studies have looked at AMD prevalence in different Asian countries, 6 -9 we know of only one study that has examined AMD rates among Americans of Asian ethnicity. Using data from the Multi-Ethnic Study on Atherosclerosis (MESA) study, Klein et al. 10 found that Chinese Americans had a reduced risk for early AMD, but an increased risk for late AMD, compared with white Americans. The present study seeks to further our understanding of the epidemiology of nonexudative and exudative AMD among persons of different Asian ethnicities in a large group of Asian Americans residing in communities throughout the United States. Furthermore, we evaluated the risk for AMD among persons of specific Asian ethnicities to determine whether the risks are similar among them.
METHODS
The University of Michigan Institutional Review Board (IRB) determined this study was exempt from requiring IRB approval given that the data are completely deidentified.
Data Source
The i3 InVision Data Mart database (Ingenix, Eden Prairie, MN) contains deidentified records of all beneficiaries in a large US managed care network. We analyzed a subset of beneficiaries who had any form of eye care from January 1, 2001, through December 31, 2007. The subset consisted of patients with Ն1 International Classification of Diseases 11 (ICD-9CM) codes for any eye-related diagnosis (360 -379.9) or Current Procedural Terminology 12 (CPT-4) code for any eye-related visits, diagnostic or therapeutic procedures (65,091-68,899 or 92,002-92,499), or any other ICD-9CM or CPT codes assigned by an ophthalmologist or optometrist during their time in the medical plan. For each beneficiary in the sample, we had access to all medical claims (inpatient, outpatient, skilled nursing facility) for ocular and nonocular medical conditions. The database also contains detailed demographic (age, sex, race, ethnicity) and socioeconomic (education level, household net worth) information.
Sample Selection
All persons aged 40 and older who had Ն1 visit to an eye care provider and were in the database for Ն1 consecutive year were identified. Those in the plan for Յ365 days or who had noncontinuous enrollment were excluded (Fig. 1) .Two sources were used by the managed care company to identify race and ethnicity: public records (drivers license data) and E-Tech (Ethnic Technologies, South Hackensack, NJ), a tool that uses information from the beneficiary name and the census block to assign race and ethnicity. Previous comparisons between information collected by patient self-report and assignment of race using E-Tech demonstrated that E-Tech has a positive predictive value of 71%, 13 and information from the company indicates this software actually has a 96% accuracy at correctly classifying patients based on race and ethnicity.
14 Patients of Asian American descent were identified, and each was classified by ethnicity: Chinese, Filipino, Indian, Japanese, Korean, Pakistani, and Vietnamese. There were inadequate numbers of Bangladeshis, Burmese, Laotians, Thais, Indonesians, Malaysians, Hawaiians, Samoans, and Sri Lankans to study these groups separately. Those of these ethnicities were classified as "other."
Incidence and Prevalence
ICD-9CM codes were used to determine whether each beneficiary had Ն1 diagnosis of nonexudative AMD (ICD-9CM codes 362.50, 362.51, and 362.57) or exudative AMD (362.52) during their time in the medical plan. Incidence and prevalence rates were determined for both AMD types. Beneficiaries were counted in the disease incidence and prevalence estimates for each AMD type they were documented to have; thus, each enrollee could have more than one form of AMD during their time in the plan. The database does not contain information to allow specification of eye laterality. Participants could have nonexudative AMD in one eye and exudative AMD in the other eye and thus be counted in both groups. Prevalence rates of nonexudative and exudative AMD were obtained by identifying the number of persons diagnosed with each condition divided by the number of beneficiaries in the medical plan from 2001 to 2007. When interpreting prevalence estimates, it is important to note that not every beneficiary was in the plan for all 7 years and that the period prevalence estimates generated are not directly comparable with point prevalence estimates generated from cross-sectional studies. Incidence rates of nonexudative and exudative AMD were calculated by dividing the number of newly diagnosed beneficiaries with each AMD type by their time, in person-years, in the plan at risk. Diagnoses were considered incident cases if the enrollee had no record of the AMD type of interest during their first year in the plan. Using the rate ratio test, unadjusted nonexudative and exudative AMD incidence, and prevalence rates for the different Asian ethnicities were compared with rates for non-Hispanic white Americans, the reference group.
Statistical Analysis
Analyses were performed using commercial software (SAS 9.2; SAS Institute, Cary, NC). Participant characteristics were summarized for the entire sample using means and standard deviations for continuous variables and frequencies and percentages for categorical variables. Incidence and prevalence estimates were generated for nonexudative and exudative AMD and stratified according to Asian ethnicity.
Cox regression models were developed to determine the relative risk for nonexudative and exudative AMD. 15 For these models, we used the first year of each beneficiary's enrollment in the plan as a look-back period. To avoid selection bias, follow-up of all enrollees started at 1 year after enrollment. Those diagnosed with nonexudative or exudative AMD during the look-back period (nonincident cases) were excluded. Persons were followed up until they developed the event (nonexudative or exudative AMD) or were censored (either when they left the medical plan or the last day for which we had data: December 31, 2007). For each beneficiary, the age to event or the age to censoring was determined. Using age as the time axis and Asian ethnicity as the key predictor of interest, the Cox model was left-truncated at the age of index (1 year after entry into the medical plan). The assumption of proportional hazards required for Cox regression modeling was FIGURE 1. Sample selection criteria. checked, and it was verified that there was no violation of this assumption, which meant that the relative risk for AMD for each Asian ethnicity group did not vary by age. Adjustments were made for age, sex, region of residence, education level, household net worth, and the following medical and ocular conditions: diabetes mellitus, hypertension, hyperlipidemia, obesity, myocardial infarction, congestive heart failure, peripheral vascular disease, cerebrovascular accident, renal insufficiency, coagulopathy, blood-loss anemia, deficiency anemias, systemic hypotension, skin cancer (a surrogate measure of long-term sun exposure), cataract, pseudophakia or aphakia, diabetic retinopathy, and open-angle glaucoma (Table 1) . P Ͻ 0.05 was considered statistically significant.
RESULTS
Of the 2,259,061 beneficiaries who met the inclusion criteria, 1923,752 (85.2%) were classified according to ethnicity. Among these, 44,103 (2.3%) were classified as of an Asian ethnicity. Median age at entry into the plan for the overall sample was 52 years (range, 40 -87 years). For white Americans, the median age was 52 years; for Asian Americans it was 50 years.
Prevalence and Incidence Rates of AMD
Among persons of all races who met the eligibility criteria, there were 113,234 cases of nonexudative AMD, for an overall prevalence of 5.01%. The prevalence of nonexudative AMD in white Americans was 5.40%; among Asian Americans as a whole, it was 5.04%. Among Asian Americans, Chinese Americans had the highest prevalence of nonexudative AMD (6.50%), followed by Korean Americans (5.19%), Pakistani Americans (4.90%), Filipino Americans (4.77%), Japanese Americans (4.36%), Vietnamese Americans (4.21%), and Indian Americans (3.54%). The rate ratio test, which was used to compare the unadjusted prevalence of nonexudative AMD for each Asian ethnicity with the prevalence in white Americans, showed significantly lower prevalence rates of nonexudative AMD in Japanese Americans, Vietnamese Americans, and Indian Americans. Chinese Americans were the only Asian ethnicity to have a significantly higher prevalence rate of nonexudative AMD than white Americans ( Table 2) .
Among persons of all races, there were 69,521 incident cases of nonexudative AMD, for an overall incidence of 1.16%. The incidence of nonexudativeAMD among white patients (1.18%) was similar to that of Asian patients (1.17%). Compared with white Americans, Chinese Americans (1.56%) and Pakistani Americans (1.32%) each had a higher incidence of nonexudative AMD, and Korean Americans (1.17%), Filipino Americans (1.14%), Vietnamese Americans (0.97%), Japanese Americans (0.96%), and Indian Americans (0.81%) each had a lower incidence. The rate ratio test confirmed that the unadjusted incidence rate was higher for Chinese Americans and lower for Vietnamese Americans, Japanese Americans, and Indian Americans than for white Americans (Table 2 ). In the overall sample, among all races, there were 17,181 cases of exudative AMD, yielding a prevalence rate of 0.76%. The prevalence of exudative AMD was 0.84% in white Americans. Only Filipino Americans had a higher prevalence rate of exudative AMD (0.88%), though this difference was insignificant. Vietnamese Americans, Chinese Americans, Pakistani Americans, and Indian Americans had significantly lower prevalence rates of exudative AMD than white Americans. Similar findings were observed when comparing the incidence rate ratios among the Asian ethnicities (Table 2) .
Multivariable Analyses
After adjustment for sociodemographic and clinical variables, Pakistani Americans had a 97% increased risk for nonexudative AMD (hazard ratio [HR], 1.97 95% confidence interval [CI], 1.40 -2.77), and Chinese Americans had a 63% increased risk for nonexudative AMD (HR, 1.63; 95% CI, 1.50 -1.77) compared with white Americans. Japanese Americans had a 29% decreased risk for nonexudative AMD (HR, 0.71; 95% CI, 0.59 -0.85) than white Americans. There was no significant difference in the risk for nonexudative AMD when comparing each of the other Asian ethnicities to white Americans. None of the Asian ethnicities had a significantly different risk for exudative AMD than white Americans (Table 3) . Supplementary Table S1 (http://www.iovs.org/lookup/suppl/doi: 10.1167/iovs.11-7179/-/DCSupplemental) shows results of a multivariate analysis assessing the risk for nonexudative and exudative AMD for each of the different Asian ethnicities compared with Chinese Americans (rather than white Americans). Aside from Pakistani Americans, all other Asian ethnicities had lower risk for nonexudative AMD than Chinese Americans. There were no differences in the risk for exudative AMD among each Asian ethnicity relative to Chinese Americans.
Survival functions tell the likelihood of surviving (i.e., not receiving a diagnosis of the AMD type of interest) among those at risk at different ages. At all ages, Japanese Americans had a lower likelihood for nonexudative AMD, and Chinese Americans had a higher likelihood for nonexudative AMD than did white Americans, and these differences became more pronounced with increasing age (Fig. 2) . Across age ranges, the likelihood for exudative AMD was similar for each of the Asian ethnicities compared with that for white Americans (Fig. 3) .
The fact that ICD-9CM code 362.50 is not specific for exudative or nonexudative AMD could have led to the misclassification of some enrollees. We ran a sensitivity analysis, excluding from the regression models all persons diagnosed with AMD, using billing code 362.50 exclusively and found no significant differences (results not shown) from those presented in the models described.
DISCUSSION
We identified significant differences in the risk for nonexudative AMD among the Asian American ethnic groups examined. Compared with white Americans, Chinese and Pakistani Americans were at higher risk for nonexudative AMD, whereas Japanese Americans were at reduced risk for nonexudative AMD. In contrast, rates of exudative AMD were relatively similar among white Americans and the various Asian American ethnic groups.
Comparison with Other US Studies
Little has been known about the risk for AMD among persons of Asian ancestry residing in the United States. We know of only one previous study that evaluated rates of AMD among Asian Americans. In that analysis involving 727 participants, predominantly Chinese Americans in San Francisco, enrolled in the MESA study, the prevalence of nonexudative AMD was lower in Chinese Americans (3.6%) than in non-Hispanic white Americans (4.8%), although the odds of exudative AMD were higher in Chinese Americans than in white Americans. 10 Several possible reasons may explain the differences in findings between MESA and our present study. First, the MESA analysis controlled for only age and sex, whereas the abundant information on patients in the i3 Data Mart database allowed us to control for many additional potential confounding factors. Second, MESA was a cross-sectional study whereas the present analysis was a longitudinal study, and during each visit to an eye care provider, patients could have received an AMD diagnosis. Third, the Asian Americans in our report were approximately 10 years younger, on average, than the participants in MESA. Finally, there were very few Asian Americans (seven total) in MESA who received a diagnosis of late AMD.
Comparison with Studies from China and Japan
An interesting finding from our analysis was the large difference in nonexudative AMD rates between Japanese and Chinese Americans. Although population-based studies have been conducted in China and Japan, comparing results from those studies with our findings is challenging because of the large variability in prevalence rates described in the literature (China, 5.5%-9.2%; Japan, 4.3%-10%) for early AMD. 6 -9 In the present study, the prevalence of nonexudative AMD was 6.5% for Chinese Americans and 4.36% for Japanese Americans, each of which falls within the range of estimates from studies conducted in the respective country. Similarly, our prevalence rates for exudative AMD were consistent with those of previous population-based studies conducted in these two Asian nations (Chinese Americans 0.52% in the present study vs. 0.4%-1.9% from studies conducted in China; 0.59% for Japanese Americans in the present study vs. 0.6%-0.9% from studies conducted in Japan). 6 -9 Our prevalence estimates are also similar to pooled prevalence estimates of early and late AMD from a meta-analysis by Kawasaki et al. 16 In their study of Reference group is white Americans. Multivariable analyses were adjusted for age, sex, region of residence within the United States, education level, household net worth, diabetes mellitus, hypertension, hyperlipidemia, obesity, myocardial infarction, congestive heart failure, peripheral vascular disease, cerebrovascular accident, renal insufficiency, coagulopathy, blood-loss anemia, deficiency anemias, systemic hypotension, skin cancer, cataract, pseudophakia or aphakia, diabetic retinopathy, and open-angle glaucoma.
* P Ͻ 0.05. persons of different Asian ethnicities (including Chinese, Japanese, Malaysians, South Koreans, and Indians) aged 40 to 79 years, the pooled prevalence rate was 6.8% for nonexudative AMD and 0.56% for exudative AMD.
After adjustment for confounding factors, the risk for nonexudative AMD was notably different in Japanese Americans, who had a 29% decreased risk for nonexudative AMD, and Chinese Americans, who had a 63% increased risk for nonexudative AMD, than it was in white Americans. The differences in rates of AMD among Chinese and Japanese Americans that we have identified are likely multifactorial, including genetic and environmental factors. Previous studies have suggested that the reduced AMD rates observed in Japan may be attributable to the types of foods Japanese people consume. 6, 17 Foods that are high in omega-3 long-chain fatty acids, such as oily fish, which are common in Japanese cuisine, may decrease the risk for early and late stages of AMD. 18 -20 If additional studies confirm these findings and further research identifies the factors responsible for the reduced AMD rates in this group, they may lead to novel ways to slow down or prevent the development of AMD in persons of other races.
Comparison with Previous Study of Racial Differences in AMD
The findings of this study complement the results of another study we performed using the same health care claims database from which we compared rates of nonexudative and exudative AMD between persons of different races in the United States. In that analysis, we found that 60-year-old Asian Americans had a 28% increased risk for nonexudative AMD compared with similarly aged white Americans but that, by age 80, there were no statistically significant differences in risk for nonexudative AMD between the groups. In our paper looking at racial differences in rates of AMD, when analyzing the data using Cox regression modeling, we noticed that there were nonproportional hazards. To properly interpret the model, we modified the Cox model to estimate hazard ratios separately by age. In the present study, there was insufficient evidence for nonproportional hazards; therefore, we were able to use the regular Cox proportional hazards model to estimate hazard ratios for various Asian ethnicities compared with white Americans, which assumes that the hazard ratios were same across all ages. We suspect the reason the proportional hazards assumption was violated in our earlier study but not in the present analysis might have been the varying proportions of the different Asian American ethnicities in different age groups in the database. Table 4 shows the number of persons of Asian ethnicities stratified by age group. The table shows that the combined proportion of Chinese and Pakistani Americans (Asian ethnicities that were shown in our earlier analysis to have a significantly greater hazard for nonexudative AMD compared with white Americans) increased from 39% in the 40-to 50-year-old Asian American population to 42% in the 70-to 80-year-old Asian American population. However, the percentage of Japanese (the Asian ethnicity that was shown to have a significantly reduced hazard for nonexudative AMD compared with white Americans) increased from 10% in the 40-to 50-year-old Asian American population to 21% in the 70-to 80-year-old Asian American population. Hence, the Asian ethnicities with increased hazards for nonexudative AMD were found to dominate the lower age groups much more than they were found to dominate the higher age groups. This change in the relative proportions of subgroups with opposing hazards for the outcome may explain why, in the present study, there were proportional hazards between different Asian ethnicities as age progressed, whereas there was evidence of nonproportional hazards in our earlier study, which treated all Asian Americans as one group and compared them with white Americans. els controlled for common ocular comorbidities, our incidence and prevalence estimates are not adjusted for these factors. This must be kept in mind when comparing our AMD incidence and prevalence estimates with those of populationbased epidemiologic studies in the literature. Third, several important clinical factors, such as visual acuity, smoking history, and disease specifics, are not captured in the database and, therefore, could not be adjusted for in the models. Fourth, unlike many population-based studies that often have a retina specialist review fundus photographs to determine the presence of AMD, we captured care provided by all different types of eye care providers with varying levels of experience diagnosing this condition. Fifth, some of the enrollees in this analysis might not have undergone dilated funduscopic examination. Given that AMD is much easier to identify after dilation, we may be underestimating the true prevalence of these conditions compared with some other studies.
Implications
As a follow-up to a recent study we conducted that found 60-year-old Asian Americans had a 28% higher risk for AMD than similarly aged white Americans, 5 in this analysis we were able to further explore the burden of AMD among Asian Americans based on ethnicity. When doing so, after adjustment for confounding factors, we identified significant differences in rates of nonexudative AMD among different Asian ethnicities. Chinese and Pakistani Americans experienced significantly higher risk for nonexudative AMD, whereas Japanese Americans had a 29% reduced risk for nonexudative AMD. Further research must be conducted to determine whether the differences in rates of nonexudative AMD between Asian ethnicities are attributable to genetic factors, environmental factors, or both.
